Abstract
Introduction
The purpose of the Agricultural Hazardous Occupations Order (AgHOs) training programs is to provide systematic and necessary training for persons, particularly youth under the age of 16, working in agricultural production. This training assists to ensure that minimum safety and health training requirements are met as prescribed under Subpart E-1 of Part 1500 of Title 29 of the Code of Federal Regulations (i.e., AgHOs), which is an amendment to the Fair Labor Standards Act (Exec. Order No. 507.71 and 570.71, CFR 29, 1996) . Under these regulations, certain tasks in agricultural workplaces have been identified as particularly hazardous for young workers and disallowed for persons under the age of 16. The Act, however, contains provisions to allow 14 and 15 year olds who meet certain criteria to be employed for specific tasks if certain training requirements are satisfied. Currently the Act does not apply to youth under the age of 16 who work on a farm owned by a parent or guardian.
The AgHOs regulations provide little guidance on how to assess an examinee's knowledge or skills on specific core competencies and provide no examination resources. The regulations require that an examinee must be able to demonstrate the knowledge of general agricultural safety practices and the ability to operate a tractor and two-wheeled trailer/implement over an obstacle course similar to those employed in the 4-H Tractor Operator Contest (U. S. Department of Labor, 1996) . The Gearing Up for Safety-Agricultural Production Safety Training for Youth curriculum (Tormoehlen et al., 2003) is one recent effort to meet the AgHOs training requirements. Although not currently required by the AgHOs, the design team for the Gearing Up for Safety curriculum concluded that a consistent and objective method of assessing students prior to AgHOs certification was needed. Introduction of a clearly defined testing process would enable instructors to objectively, fairly, and consistently assess the skills of each examinee seeking employment. A validated examination process would allow an examinee to be assessed by comparing performance to a set of standard criteria and identifying areas of weakness to be addressed prior to certification and employment.
The Gearing Up for Safety design team developed a three tier assessment process: a written exam, demonstration of tractor preoperational safety inspection, and successful completion of tractor operation and driving exam over a standard course. The process and exam components were constructed to assess not only knowledge of the minimum core content areas specified by the AgHOs but also new agricultural workplace hazards not addressed by the 40-year-old law. The purpose of this research was to examine the psychometric properties of the written exam, the first component of the assessment process. Specifically, this research examined score reliability (i.e., internal consistency), and evidence of construct validity (e.g., confirmatory factor analysis) of the written examination. The factor structure of the exam was examined with confirmatory factor analysis (CFA), which is a theory-driven analysis requiring specification of the relationship of the items to the underlying abilities or traits. Various indices can be used to measure the goodness of fit of the hypothesized factor structure. Thus, stronger evidence of construct validity can be provided about the scores within this framework compared to a more data driven approach (i.e., exploratory factor analysis). Additionally, CFA allows for comparison of the hypothesized model to rival hypotheses that may lead to stronger evidence of validity (Thompson & Daniel, 1996) .
For purposes of the AgHOs certification program, the Gearing Up for Safety curriculum (Tormoehlen et al., 2003) assumes the construct of agricultural workplace safety includes knowledge about general farm and ranch safety, basic knowledge about tractors, implements, and machines, and knowledge and skills related to operating a tractor. The written exam was constructed with these three components of agricultural safety in mind. Therefore, one theoretical model to examine was a firstorder three-factor model (Model C). However, rival theoretical models were possible and should be examined (Thompson, 2004) . An example of a rival model was a single-factor model (Model A), where the previous mentioned components were simply facets of a single construct. Perhaps the exam scores simply reflect the influence of only one factor. Additionally, a two-factor model (Model B) was plausible that specifies farm safety knowledge as one factor and knowledge about operating machines and tractors as a second factor. Last, a higher-order model with three first-order factors (Model D) influenced by one second-order factor was theoretically defensible and was examined in comparison to the other models. Figure 1 shows Model D. The other models are nested within this model, in which one or more factors are collapsed into one another as described above. 
Methods

Participants
The participants were part of a larger study evaluating the effectiveness of a visually-based format of the Gearing Up for Safety instructional curriculum. High school students (grades 9-11, ages 14-19, mean age 15.8 years, N = 337, 247 male, 81 female, 9 unreported) enrolled in agriculture courses from three states (Indiana, Kentucky, Tennessee) were administered the exam within a three-week period during the 2004-2005 academic school year. Ethnicity of the participants included Caucasian (n = 317), African American (n = 1), Hispanic (n = 2), Asian (n = 2), and Native American (n = 2). Three participants reported being in more than one of these classifications, and the remaining 10 participants did not report their ethnicity.
Instrument
As the first assessment component of the Gearing Up For Safety curriculum, the written exam measures major content areas covering basic agriculture knowledge and competencies needed to safely operate agricultural tractors and machinery and to perform other general agricultural tasks allowable under the AgHOs exemptions. An item pool of 350 dichotomously scored (i.e., correct/incorrect) multiple-choice items was developed to cover the range of AgHOs regulations, including such content as (a) identifying tasks having the greatest risk of injury, (b) critical farm hazards, and (c) desired minimum competencies needed to safely operate agricultural tractors and equipment and perform other hazardous farm work. The items were developed and reviewed by content experts to establish content validity, as per recommendations of the Standards for Educational and Psychological Testing (AERA et al., 1999 ). This process not only ensured the items were appropriate in content but also covered the desired content areas and were in accord with the desired competencies identified by the content experts.
The exam administered in this study consisted of 70 items randomly selected within content constraints from the 350-item pool. The exam included roughly equal numbers of items from each of the 11 chapters in the Gearing Up for Safety Op. … curriculum. Exam length was based on a balance between adequate representation of curricular content and keeping the exam to a reasonable length. The theoretical threefactor model for the exam included (a) 24 items to assess farm safety (farm safety factor), (b) 19 items to assess farm machines and implements (machine safety factor), and (c) 27 items to assess safe tractor driving practices and knowledge (tractor operation safety factor).
Procedures and Results
Psychometric analyses of the exam included internal consistency reliability (Cronbach's alpha), and a confirmatory factor analysis (CFA) to examine the instrument's internal structure (i.e., model fit). Alpha estimates were obtained for the total test score, as well as the three subscales. The full-scale score alpha was 0.874. The subscale values for farm safety, machine safety, and tractor operation safety were 0.644, 0.647, and 0.783, respectively. The full-scale score reliability estimate was adequate for the purpose of the exam whereas the estimates of reliability for the subscale scores were somewhat lower than usually desired (Nunnally & Bernstein, 1994) . Selection of other items from the item bank to improve reliability is possible but was not implemented, as it was not possible given the testing situation. The remaining items will be evaluated on future tests.
All items were submitted to an empirical item analysis to examine item difficulty (i.e., proportion correct on each item) and discrimination (i.e., item-total correlation) with the intent of evaluating potentially problematic items. For instance, lower discriminating items may not predict total scores as well as higher discriminating items. With lower discriminating items, item performance will not differ systematically for students with low and high total scores. Ten items had low correlation with total score (less than 0.1). One of these ten items had a negative discrimination value indicating that more examinees in the high scoring group responded incorrectly compared to the low scoring group. Items such as these will need to be reviewed and possibly revised. When this item was deleted, alpha estimates increased slightly for the total score (r = 0.876) and for the farm safety subscale score (r = 0.653). This item was excluded from further analysis.
Confirmatory Factor Analysis
The item level CFA was conducted with Mplus 3.11 (Muthén & Muthén, 1998 -2004 . Mplus was used to apply robust weighted least squares (RWLS) estimation to dichotomous data (i.e., item level data scored correct/incorrect), per the recommendation of Finney and DiStefano (2006) . A common approach in practice is to use methods designed for continuous data when analyzing such variables. However, treatment of categorical data (e.g., dichotomous data) as continuous in CFA (a) violates the assumption of multivariate normality, (b) may distort the factor structure, and (c) may result in biased parameter and fit index estimates (Finney & DiStefano, 2006; Lubke & Muthén, 2004) . RWLS estimation is based on work by Muthén, du Toit, and Spisic (1997) , among others, which has been shown to work well in certain conditions for the CFA context using categorical data. Specifically, RWLS uses an asymptotic distribution-free covariance matrix to represent the covariance between item responses and the trait underlying the dichotomous responses. RWLS estimation does not require the inversion of the weight matrix used in the standard WLS approach, which in turn leads to greater stability with small samples and with various factor models, number of variables, and number of response options (Beauducel & Herzberg, 2006; Flora & Curran, 2004) .
Model fit was evaluated by several criteria: chi-square significance test, comparative fit index (CFI), Tucker-Lewis fit index (TLI), root mean square error of approximation (RMSEA), and the Weighted Root Mean Square Residual (WRMR). WRMR applies only to RWLS estimation; values less than 1.0 indicate good fit (Yu & Muthén, 2002) . The chi-square index and RMSEA are measures of how well the observed covariance matrix is reproduced by the parameter estimates. CFI and TLI both indicate the relative fit of a given model as compared to a null model, but the TLI adjusts for parsimony. Hu and Bentler (1999) recommend examining combinations of fit indices when evaluating model fit. In particular, a TLI or CFI of at least 0.95 in conjunction with an RMSEA less than 0.06 is suggested as evidence of fit.
Models A, B, and C (i.e., first-order one-, two-, and three-factor models, respectively) were estimated. Recall Model C was considered the primary model, as this is how the exam was constructed. Model D is a higher-order model with three first-order factors (farm safety, machine safety, and tractor operation safety) and a single second-order factor that influences the three first-order factors. The higher-order model is not statistically more parsimonious compared to the three-factor model but should be considered if first-order factors are correlated. Additionally, the higher-order model may be more consistent with the manner the scores are used in practice. That is, passing the exam is based on a single total score, yet for interpretation of examinee skills for further evaluation, all three subscale scores may be viewed.
The item-level CFA using Mplus (Muthén & Muthén, 1998 -2004 Note. The degrees of freedom for RWLS are estimated according to a formula given in the Mplus Technical Appendices.
As seen in Table 2 , each of the firstorder factors loaded strongly on the secondorder factor (range of loadings = 0.93 -0.99). The higher-order factor accounted for 86% to 98% of the variance in the first order-factors. The first-order factor loadings were generally low to moderate and quite variable. The tractor operation safety items had slightly higher loadings than the other two factors. Several (i.e., n = 24) factor pattern coefficients were not significant. Additionally, some (n = 8) standard errors appeared to be somewhat inflated (M = .94, range = 0.00 -3.57).
These issues may indicate necessary revision of some of these items and/or problems associated with a small sample size, a large number of items, and the use RWLS estimation. Specifically, Flora and Curran (2004) do caution that correctly specified models may be incorrectly rejected (high Type I error rate) with the combination of a small sample and a complex model. 
Discussion
The reliability and validity evidence from this study provide information about the usefulness of the written exam that accompanies the Gearing Up for Safety Agricultural Production Safety Training for Youth curriculum. Although some items are in need of review, internal consistency reliability for the total score scale was acceptable. Additionally, the results of the confirmatory factor analysis for the firstorder three-factor model and corresponding higher-order model had acceptable fit to the data. The latter was selected as the most useful for practice.
The CFA results did not reveal an obviously "best" model. All of the hypothesized models show virtually identical fit. In the absence of evidence against any model, we can with confidence interpret the exam in light of the most useful model. Model D best represents how the exam is used: A single score is used to determine whether an examinee may proceed to the other two steps in the certification process. This single score, rather than three subscale scores, can be viewed as an indicator of the second-order factor, general farm safety. But since the model has three first-order factors (i.e., farm safety, machine safety, tractor operation safety), there is the possibility of examining subscale scores for diagnostic reasons, as some examinees will not pass the exam.
Allowing a young person to progress through the certification process and potentially placing that young person in a hazardous worksite exposes the individual to considerable risk of injury or death. The AgHOs training programs and certification process, such as those similar to the Gearing Up for Safety curriculum, are focused on minimizing this risk. For instance, by examining the subscale scores, targeted solutions for those examinees not passing may include such activities as additional studying or training to target areas that appeared deficient based on exam performance. In any event, the examinee would be required to acquire the necessary knowledge and demonstrate the appropriate competencies before proceeding through the certification process.
Progress toward reducing the probability of injury or death of youth working in agricultural environments can be facilitated by ongoing research in this area. For instance, related to the written exam, continued evaluation, both quantitatively (e.g., item analysis) and qualitatively (e.g., item content review), of the item pool will help to ensure that the measurement of examinee knowledge is conducted with an instrument with the appropriate reliability and validity evidence. For instance, there are many items in the item bank that need evaluation and may function better compared to the items used here or may require revision. These remaining items will be evaluated on future tests, and better functioning items could lead to improved internal consistency reliability, for example. Although not a focus of this paper, similar types of evidence should be gathered for the other components of the certification process (i.e., preoperational inspection, tractor operation/driving exam). Without such evidence, scores and certification, which depends on these scores, lack meaning.
Application to Field / Research
Based on the available evidence, the written certification exam is a useful tool for assessing safety knowledge related to hazardous work that may be performed on a farm (e.g., servicing various machines, operating a tractor) by youth workers, including those under 16 years of age. However, the importance of the factor structure is in need of further evaluation because validation is limited with only a single study. For instance, cross-validation with an independent sample would strengthen validity evidence. Thus, these results provide the first set of empirical evidence for test score validation for the written exam. This information is essential for users to have confidence in the use of the scores received by participants in the Gearing Up for Safety Training program. Test score validation is a judgment based on an integration of empirical results and theoretical rationales (Messick, 1989) . Future research will need to assess other forms of score reliability and validity. For instance, estimates of the (a) stability of scores over time (e.g., test-retest reliability), (b) measurement invariance (e.g., measuring the same trait in the same manner) across groups (e.g., sex, race/ethnicity) and geographic regions, and (c) predictive power (i.e., predictive validity) of the scores for certain outcomes (e.g., lower death and injury rates, fewer close calls, or job success) would enhance the evidence for determining the usefulness of the exam scores and assist with continued exam development (e.g., item pool maintenance).
In closing, given that the overall goal of the AgHOs is to enhance the health and safety of youth working in agricultural production, the predictive validity of this exam, and the overall certification program, is perhaps the most important validity evidence for the certification program. To that end, long-term data collection regarding death and injury rates for youth who are certified and not certified must be continually examined. Modeling, 13, 186-203. Exec. Order No. 507.71 and 570.71, CFR 29 (1996) . 
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